Abstract. This paper describes a study on the effects of Mg 2 Si (p) addition on the microstructure, porosity, and mechanical properties namely hardness and tensile properties of AA332 composite. Each composite respectively contains 5, 10, 15, and 20 wt% reinforcement particles developed by a stir-casting. The molten composite was stirred at 600 rpm and melted at 900°C ± 5°C. The Mg 2 Si particles were wrapped in an aluminum foil to keep them from burning when melting. The findings revealed that the microstructure of Mg 2 Si (p) /AA332 consists of α-Al, binary eutectic (Al+Mg 2 Si), Mg 2 Si particles, and intermetallic compound. The intermetallic compound was identified as Fe-rich and Cu-rich, formed as polygonal or blocky, Chinese script, needle-like, and polyhendrons or "skeleton like". The porosity of Mg 2 Si (p) /AA332 composite increased from 8-10% and the density decreased from 9-12% from as-cast. Mechanical properties such as hardness increased for over 42% from as-cast and the highest UTS, elongation, and maximum Q.I were achieved in the sample of 10% Mg 2 Si. The study concludes that combined with AA332, the amount of 10 wt% of Mg 2 Si is a suitable reinforcement quantity with the combination of AA332.
Introduction
Automotive parts made of cast iron have been replaced with composite components which can contribute to higher fuel efficiency and lower levels of emissions (Okayasu et al. 2012) . These composite components can significantly increase fuel efficiency of vehicles by reducing vehicle weight by 60% (Williams 2012) . They can also reduce CO 2 emission and improve the environment due to proper use of fuel (Pardeep et al. 2013) .
Mg 2 Si/Al-Si composite is a potential material for automobile because Mg 2 Si is a hard intermetallic compound with a high melting point (1085°C), low density (1.88g/cm 3 ), low
Al-Mg 2 Si -(5 wt% and 10 wt%): L  L 1 + Al  α-Al + (Al + Mg 2 Si) E
Al-Mg 2 Si -(15 wt% and 20 wt%): L  L 1 + Mg 2 Si P  (Al + Mg 2 Si) E + Mg 2 Si P (2) where P is primary particle and E is eutectic coefficient of thermal expansion (7.5×10 -6 K -1 ), 120 GPa of Young's modulus, and high micro Vicker's hardness. These characteristics make Mg 2 Si suitable to be reinforced in matrix alloy (Ajith Kumar et al. 2013; Aydin and Findik 2010; Emamy et al. 2013a; Nasiri et al. 2012; Qingxiu et al. 2009; Soltani et al. 2014; Tang et al. 2011; and Wu et al. 2013) . In fact in Hadian et al. (2009) study, they identified that Mg 2 Si particles exhibit low equilibrium interface and rough morphology, which create an effect of low ductility in matrix alloy. Nasiri et al. (2012) also agreed that Al-Mg 2 Si composites are excellent materials to replace Al-Si alloy or Al-SiC composites.
As shown in the binary Al-Mg 2 Si system ( Fig. 1) , the grey lines represent the composites alloy investigated in this study. During the solidification process, Mg 2 Si particles are formed as primary Mg 2 Si p . Al with Mg 2 Si will co-solidify from the liquid alloy to a ternary phase area, forming a binary eutectic reaction. Hence increasing Mg 2 Si will change the equilibrium solidification paths as shown in Eqs. (1)
-(2).
Among the various Mg 2 Si/Al composite fabricating methods, stir-casting has recently attracted considerable attention for its compatible interfaces and thermodynamically stable property (Qingxiu et al. 2009 ). The stir-casting process is also widely accepted in industries due to lower production costs, simplicity, flexibility, and applicability to large quantity production (Panwar and Pandey 2013; Valibeygloo et al. 2013) . The process also requires shorter processing period (Hamedan and Shahmiri 2012) . Given these points there is a need to use a stir-casting method to develop a composite from Mg 2 Si/Al that are lighter and with excellent mechanical properties.
In a study on in-situ Mg 2 Si/Al-Si composite with different compositions, Qingxiu et al. (2009) also recommended an in-situ casting method to fabricate Mg 2 Si/Al-Si composite. The authors identified that the amount of Mg 2 Si increased as Mg content increased. The morphology changed from undeveloped to developed Chinese script-like particles, and finally irregular Mg 2 Si particles appeared. Meanwhile, the hardness and tensile strength of the cast in-situ Mg 2 Si/Al-Si composite did not increase as Mg content increased, but were related to the size and morphology of the eutectic Mg 2 Si phases and primary Mg 2 Si. Liu et al. (2011) study, they investigated the effect of Mg 2 Si contents on the microstructure of Mg 2 Si particle reinforced in hypereutectic Al-Si alloy composite. The hypereutectic Al-Si alloy In another study, Emamy et al. microstructures and tensile properties of aluminum matrix. The authors reported that the microstructures consist of α-Al, primary Mg Mg 2 Si particles were formed in the matrix of Al morphology of primary Mg 2 Si particles increased and formed irregular and dendritic when the amount of Mg 2 Si increased in the system. Meanwhile, the Al considerably reduced. The authors concluded that by increasing the amount of Mg size and volume fraction of primary Mg objective is to investigate the microstructural and mechanical properties of Mg different weight percentages of reinforcement.
Experimental procedure
Aluminum alloy AA332 was used as matrix material and Mg was used as reinforcement. Fig. 2(a) shows the particle size and the EDX spectrum of Mg Fig. 2(b) shows the SEM micrograph and the EDX spectrum of as respectively contained 5, 10, 15, and 20 wt% reinforc method. First, the Mg 2 Si particles eliminate moisture and other unstable substances and (2) improve the atmospheric condition. All Mg burning at melt surface during the mixing process.
The AA332 ingot was melted in a graphite crucible in Si particles increased and formed irregular and dendritic Si increased in the system. Meanwhile, the Al-Mg considerably reduced. The authors concluded that by increasing the amount of Mg size and volume fraction of primary Mg 2 Si particles increased drastically. In this study, the objective is to investigate the microstructural and mechanical properties of Mg different weight percentages of reinforcement.
Aluminum alloy AA332 was used as matrix material and Mg 2 Si with particle size of ≤ 10µm was used as reinforcement. Fig. 2(a) shows the particle size and the EDX spectrum of Mg Fig. 2(b) shows the SEM micrograph and the EDX spectrum of as-cast. Each composite contained 5, 10, 15, and 20 wt% reinforcement particles developed by particles were preheated in an electrical oven at 200°C for 2 hours to (1) eliminate moisture and other unstable substances and (2) improve the particles ndition. All Mg 2 Si particles were wrapped in an aluminum foil to keep them from burning at melt surface during the mixing process.
The AA332 ingot was melted in a graphite crucible in a chamber furnace at 900°C ± 5°C for 45 . In this study, the objective is to investigate the microstructural and mechanical properties of Mg 2 Si p /AA332 with particle size of ≤ 10µm was used as reinforcement. Fig. 2(a) shows the particle size and the EDX spectrum of Mg 2 Si and cast. Each composite ement particles developed by a stir-casting electrical oven at 200°C for 2 hours to (1) particles' wettability in an aluminum foil to keep them from chamber furnace at 900°C ± 5°C for 45 minutes. The fully molten alloy was then stirred at 600 rpm to form the vortex in the melted alloy.
Once the vortex was formed, the Mg 2 Si particles were added and the stirring continued for 20 minutes. The molten alloy was then re-melted at 900°C ± 5°C for another 15 minutes in the same furnace to ensure that the distribution of homogeneous particles melted evenly. Finally, the molten alloy was casted into a heated graphite crucible mould (200°C) to produce samples of 150mm length and 10mm diameter, which were further set to solidify at room temperature. Their chemical compositions were analysed using an optical emission spectrometer (Q8 MAGELLAN) metal analysis tester. The chemical compositions of as-cast and Mg 2 Si p /AA332 composite are shown in Table 1 . The morphology of the samples was observed using an optical microscope (Olympus, BX41M) equipped with a digital camera (PowerShot A460). The image was analysed using Image J software. Scanning Electron Micrographs (SEM) JEOL JSM-6064 LA equipped with an Energy Dispersive X-ray Spectroscopy (EDX) were used to identify the as-cast phase of the morphology.
The bulk density of the samples was measured by using a pycnometer gas displacement density analyser (Micromeritics AccuPyc ll 1340). Inert gas (helium) was used as the medium and all samples were verified for 10 purges for one cycle. Based on the density measurement, the percentage of porosity of the composites was calculated using Eq. (3) ( )
Where ρ is density in g/cm 3 , W is the volume fraction of reinforcement particulates, c, m, and p is the composite, matrix, and reinforcement.
Next, hardness analysis was performed using Vicker's hardness tester (FV-700e) by following the ASTM International E384-11. Using a tensile testing machine, tensile tests were performed for the samples at room temperature according to ASTM International E8/E8M-13a standard. The test speed used was 1mm/min and the strain was measured with a 25mm extensometer. The tensile tests were carried out to obtain the ultimate tensile strength (UTS) and elongation to fracture (El). Fig. 3 shows the characteristics of the microstructures of as-cast and Mg 2 Si (p) /AA332 composite. Fig. 3(a) shows the structure of as cast, whereas contains with α-Al, Si particles, and eutectic Si. The dendritic of α-Al was formed in equiaxed grain and was dominant in the (2)), the microstructures of Mg 2 Si p /AA332 composite consisted of α-Al, binary eutectic (Al+Mg 2 Si), Mg 2 Si particles, and intermetallic compound. It can be observed that α-Al was formed into the cell structure. Clearly the size of α-Al has decreased and become spherical with the increase of Mg 2 Si content.
Result and discussion

Morphology
The identification of intermetallic phases is a significant part of complex compositions. A range of different intermetallic phases are formed during a solidification process and this depends on the composition of alloy and the condition of crystallisation. Different intermetallic phases constitute various shapes of particles such as needle-like, plate-like, polygonal and "Chinese script". In terms of size and distribution, it can be located at the grain boundaries and may form a dendritic network structure (Mrowka-Nowotnik 2011). The presence of additional elements in AA332 alloy allows many complex intermetallic phases to form such as binary, ternary, and quaternary phases. According to Belov et al. (2005) , the quaternary systems of Al-Cu-Fe-Mg-Ni-Si will form the phases such as ε, θ, M, δ, γ, T, β, π, and Q.
The appearance of intermetallic can be observed in Figs Table 1) . The reaction of Mg or Mn with Fe in the cast alloy has formed Fe compounds. These Fe-rich intermetallic compounds appear after a casting process, depending on the amount of Mg or Mn seen in Fig. 3(d) and Figs. 4(c) as needle-like and polyhendrons respectively. Generally, the phase of β regions as platelets (Hurtalova π-Al 9 FeMg 3 Si 5 when the Mg increases and the Mn con phase and promote the formation of α because it affects high-stress concentrations, increases crack imitation, and decreases ductility. However, these effects can be reduced by increasing the cooling rate or metal. This process increases the overall matrix strength by a mechanism called a precipitation strengthening effect. During solidification phase is formed because Cu is segregated from its liquid form (Samuel concentration increases with the solid fraction. Subsequently, during the final phase solidification process, the precipitation of Q-Al 5 Cu 2 Mg 3 Si 6 developed from the θ Farkoosh and Pekguleryuz (2015) reported that by increasing the Mg level, the will increase and the amount of θ-Al 2 Cu will diminish. This can be seen from Figs. 3(c) and (e) when the Mg content increased from 1.88 wt% to 3.56 wt% ( Table 1) .
The reaction of Mg or Mn with Fe in the cast alloy has formed Fe rich intermetallic compounds appear in the microstructures of various forms casting process, depending on the amount of Mg or Mn (Yildırim and Ozyurek 2013) seen in Fig. 3(d) and Figs. 4(c)-(d) , the intermetallic of β-Al 5 FeSi and α-Al 15 (FeMn) like and polyhendrons (Samuel et al., 2014) or "skeleton-like" (Hurtalova ly. Generally, the phase of β-Al 5 FeSi precipitates in the inter-dendritic and intergranular (Hurtalova et al. 2012) . The intermetallic of β-Al 5 FeSi can be transformed into when the Mg increases and the Mn content may be reduced during the β phase and promote the formation of α-Al 15 (FeMn) 3 Si 2 . This β-Al 5 FeSi phase is detrimental stress concentrations, increases crack imitation, and decreases ductility. However, these effects can be reduced by increasing the cooling rate or by superheating the molten Cu was formed in a script." As known, Cu Cu precipitates. This process increases the overall matrix solidification, θ-Al 2 Cu Samuel et al. 2014) . This concentration increases with the solid fraction. Subsequently, during the final phase of the developed from the θ-Al 2 Cu phase. An that by increasing the Mg level, the Cu will diminish. This can be seen from Figs. 3(c) and (e) when the Mg content increased from 1.88 wt% to 3.56 wt% ( Samuel et al. (2014) reported that solidification with α-Al. This will appear as polyhedrons if it solidifies before the eutectic reaction. Usually, the formation of α-Al However, as reported by Yildırim and Ozyurek (2013) intermetallic compounds reduce the mechanical properties of alloy such as te ductility.
Density and porosity
In Fig. 5 , the density and porosity of as amounts are given. The optical micrograph of the porosity shape is also displayed. porosity of the Mg 2 Si (p) /AA332 composite increased from 8 decreased in parallel with the increasing of Mg Mg 2 Si (p) /AA332 composite decreased between 9 containing 10% Mg 2 Si. This can be attributed to Numerous parameters may affect the formation of porosity such as the presence of water vapour on the reinforcement surfaces of cooling rate (Hosseini et al. presence of β-Al 5 FeSi intermetallic phase Taylor (2012) agreed that Fe has the potential to form porosity at high Ammar et al. (2008) reported that Fe has a strong influ changes the pore morphology from discrete, isolated pores to spongy, inter Moreover, Hurtalova et al. (2012) adversely affect the mechanical porosity. As shown in Fig. 5(b) and Fig. 3(d) , the porosity in Fe-rich intermetallic. In this sense, porosity can be avoided by removing the oxygen prior to the solidification or by making sure it does not re Kohser (2008) specifically mentioned that the solidification proc designed so that it can take place without producing internal porosity. Additionally, the design of such mould in the gating system also influences the casting condition, known for its influence on /AA332 composite increased from 8 -10% from as-cast while the density the increasing of Mg 2 Si. Compared to as-cast, the density of /AA332 composite decreased between 9 -12%. Low density was detected for sample Si. This can be attributed to the high porosity volume within the sample. eters may affect the formation of porosity such as the presence of water vapour on the reinforcement surfaces and hydrogen gas (Muhammad Faisal Alam 2013 , the increase of modifiers and alloying elements, and the FeSi intermetallic phase (Hurtalova et al. 2012) . agreed that Fe has the potential to form porosity at high-iron levels. Additionally, reported that Fe has a strong influence on porosity in Al changes the pore morphology from discrete, isolated pores to spongy, inter (2012) noted that the dominant Fe-rich phase shape adversely affect the mechanical properties and lead to the formation of excessive shrinkage porosity. As shown in Fig. 5(b) and Fig. 3(d) , the porosity in 15% Mg 2 Si occurred because of rich intermetallic. In this sense, porosity can be avoided by removing the oxygen prior to the solidification or by making sure it does not re-emerge as gas (Black and Kohser 2008) Kohser (2008) specifically mentioned that the solidification process is expected to be properly designed so that it can take place without producing internal porosity. Additionally, the design of such mould in the gating system also influences the casting condition, known for its influence on /AA332 composite with different amounts are given. The optical micrograph of the porosity shape is also displayed. In Fig. 5(a) , the cast while the density cast, the density of 12%. Low density was detected for sample high porosity volume within the sample. eters may affect the formation of porosity such as the presence of water (Muhammad Faisal Alam 2013) , the effect , the increase of modifiers and alloying elements, and the iron levels. Additionally, ence on porosity in Al-Si-Cu alloy. It changes the pore morphology from discrete, isolated pores to spongy, inter-dendritic pores.
shape of β-Al 5 FeSi can lead to the formation of excessive shrinkage occurred because of rich intermetallic. In this sense, porosity can be avoided by removing the oxygen prior to the (Black and Kohser 2008) . Black and ess is expected to be properly designed so that it can take place without producing internal porosity. Additionally, the design of such mould in the gating system also influences the casting condition, known for its influence on the solidification and feeding condition of the melt In most cases, die casting, stir casting, and gravity casting techniques are prone to higher porosity compared to other casting methods due to the entrapment of air bubbles during the turbulent filling of the die cavity For the solution, the use of intensification pressure helps in reducing porosity feeding material to complex regions. The porosity content in compo casting is also lower due to good wettability of particles Dhanashekar and Kumar (2014) avoid gas porosity or shrinkage porosity. A secondary processing method such as shape casting, forging, extrusion, or a heat treatment method can be implemented to reduce poro Faisal Alam 2013) .
A stirring process can bring air into the impeller can significantly affect the porosity of a material (2010) suggested using electromagnetic stirring to refine internal structures, reduce porosity, and minimise internal cracks. Also, porosity can be reduced by using high cooling rates during solidification. Accordingly, Hosseini shrinkage porosity and causes more uniform distribution of porosity. As shrinkage porosity occurred during the process of solidification. This is because the pores are determined by the angular or elongate with a dendritic structure inside. The shrinkage porosity also occurred due to non-uniform solidification of the itself to pieces as it solidifies (Mitrasinovic 2004) Fig. 6 depicts the micro-hardness resulting from the as Before reinforcement, the hardness for composite had a significant increase from 42% to 53% from as 5% Mg 2 Si recorded the highest hardness (53.3%) while the sample of 15% Mg lowest hardness.
Hardness
The reinforcement of Mg 2 comparison to the unreinforced matrix. In this case, alterations in the morphology of Fe (Ammar et al. 2008) . In most cases, die casting, stir casting, and gravity casting techniques are prone to higher porosity compared to other casting methods due to the entrapment of air bubbles during the turbulent filling of the die cavity (Garza-Delgado 2007; Sajjadi et al. 2012; and Sekar For the solution, the use of intensification pressure helps in reducing porosity feeding material to complex regions. The porosity content in compo casting is also lower due to good wettability of particles (Sajjadi et al. 2012) . Other than that, Sekar and Kumar (2014) reported that the components produced by squeeze casting can avoid gas porosity or shrinkage porosity. A secondary processing method such as shape casting, heat treatment method can be implemented to reduce poro stirring process can bring air into a molten whereas the stirring speed, size, the impeller can significantly affect the porosity of a material (Qiang 2009) suggested using electromagnetic stirring to refine internal structures, reduce porosity, and minimise internal cracks. Also, porosity can be reduced by using high cooling rates during Hosseini et al. (2013) confirmed that a high cooling rate reduces shrinkage porosity and causes more uniform distribution of porosity. As shown shrinkage porosity occurred during the process of solidification. This is because the pores are gular or elongate with a dendritic structure inside. The shrinkage porosity uniform solidification of the material, which actually attempts to tear (Mitrasinovic 2004) .
hardness resulting from the as-cast and Mg 2 Si (p) /AA332 composite. Before reinforcement, the hardness for as-cast recorded 95.36Hv. The hardness of Mg a significant increase from 42% to 53% from as-cast. In this study, the sample of the highest hardness (53.3%) while the sample of 15% Mg 2 Si particles had improved the micro-hardness of composites in comparison to the unreinforced matrix. In this case, alterations in the morphology of Fe Fig. 6 The micro-hardness of as-cast and Mg 2 Si (p) /AA332 composite In most cases, die casting, stir casting, and gravity casting techniques are prone to higher porosity compared to other casting methods due to the entrapment of air bubbles during the 2012; and Sekar et al. 2013) . For the solution, the use of intensification pressure helps in reducing porosity levels as well as in feeding material to complex regions. The porosity content in compo casting is also lower due to Sekar et al. (2013) and that the components produced by squeeze casting can avoid gas porosity or shrinkage porosity. A secondary processing method such as shape casting, heat treatment method can be implemented to reduce porosity (Muhammad molten whereas the stirring speed, size, and position of (Qiang 2009) . Besides that, Yu suggested using electromagnetic stirring to refine internal structures, reduce porosity, and minimise internal cracks. Also, porosity can be reduced by using high cooling rates during confirmed that a high cooling rate reduces shown in Fig. 5(b) , the shrinkage porosity occurred during the process of solidification. This is because the pores are gular or elongate with a dendritic structure inside. The shrinkage porosity actually attempts to tear /AA332 composite. cast recorded 95.36Hv. The hardness of Mg 2 Si p /AA332 cast. In this study, the sample of the highest hardness (53.3%) while the sample of 15% Mg 2 Si recorded the hardness of composites in comparison to the unreinforced matrix. In this case, alterations in the morphology of Fe-rich and /AA332 composite Cu-rich intermetallic phase have changed the mechanical properties of the composites (Hurtalova et al., 2012) . Therefore, the development of intermetallic such as β-Al 5 FeSi, α-Al 15 (FeMn) 3 Si 2 , θ-Al 2 Cu, and Q-Al 5 Cu 2 Mg 3 Si 6 in the Mg 2 Si p /AA332 composite microstructure (Fig. 3) wad the causal factor of hardness enhancement. As reported by Emamy et al. (2013) , the presence of hard intermetallic in a matrix is expected to increase a mechanical properties. Thus these intermetallic compounds are assumed to be strong reinforcement in the composite.
The dissimilarity in hardness between Mg 2 Si (p) /AA332 composite can be attributed to the distribution of Mg 2 Si particles during solidification and the percentage of Mg 2 Si particles added into the matrix. Size reduction, better distribution of primary Mg 2 Si particles, reduction in cluster regions, as well as porosity reduction in matrix and fracture are also attributed to the hardness difference in composite (Soltani et al. 2014) . As shown in Fig. 5(a) , higher porosity defects were observed in samples of 10% Mg 2 Si and 15% Mg 2 Si. The hardness of these samples are slightly lower than that of other samples. On the other hand, the mechanical properties of Mg 2 Si (p) /AA332 composite are controlled by several factors such as volume of shrinkage, distribution of binary eutectic (Al+Mg 2 Si), size of Mg 2 Si particles, and intermetallic phases.
Tensile properties
The tensile properties of Mg 2 Si (p) /AA332 composite shown in Fig. 7 (a) consist of as cast and 5, 10, 15 and 20 wt% of Mg 2 Si. Adding Mg 2 Si introduced harmful effects on the toughness of the material. A typical stress-strain curve of 15% Mg 2 Si was similar to the brittle materials and showed poor ductility. It is apparent that the sample of 15% Mg 2 Si, which was brittle and showing poor ductility, were due to the Fe-rich intermetallic in the microstructure (Fig. 3(d) ). Hurtalova et al. (2012) reported that a dominant Fe-rich phase such as β-Al 5 FeSi and α-Al 15 (FeMn) 3 Si 2 can negatively affect the mechanical properties of materials especially ductility. In addition, the highest UTS and elongation (El) values are related to 10% Mg 2 Si. Fig. 7(b) presents the variation of UTS and elongation of the as cast and Mg 2 Si (p) /AA332 composite. In agreement with the microstructural investigation, due to the presence of the Cu-rich intermetallic, the highest UTS and elongation was present in the 10% Mg 2 Si sample. As it is known, Cu produces Q-Al 5 Cu 2 Mg 3 Si 6 and θ-Al 2 Cu precipitates, which increase overall matrix strength. In engineering application, the combination of UTS and elongation values is a dependable parameter in quantifying tensile properties. Hence to quantify the overall tensile properties, the quality index (Q.I.) was used. Q.I. is explained as a semi-logarithmic plot of UTS versus the elongation to fracture (El), expressed as follows (Emamy et al. 2013) ( )
The UTS, elongation (El), and the quality index (Q.I.) for as cast and each Mg 2 Si (p) /AA332 composites are listed in Table 2 . Highest Q.I was achieved in the sample of 10% Mg 2 Si. This is similar to the microstructural characterisation (Fig. 3c) , lowest density (Fig. 5a) , and highest hardness (Fig. 6) . Combined with AA332, the amount of 10% Mg 2 Si exhibited a suitable reinforcement quantity, and this is because 10% Mg 2 Si is close to the pseudo eutectic of Al-Mg 2 Si (Fig. 1) . A content of Mg 2 Si close to pseudo eutectic (13.9 wt%) had produced tiny Mg 2 Si dendrite, decreased the brittle interaction, and enhanced mechanical properties such as hardness and tensile properties.
Conclusions
The microstructural, porosity, and mechanical properties of Mg 2 Si (p) /AA332 containing 5, 10, 15 and 20 wt% of Mg 2 Si were investigated. The following conclusions were drawn:
• The microstructure of Mg 2 Si (p) /AA332 consisted of α-Al, binary eutectic (Al+Mg 2 Si), Mg 2 Si particles, and intermetallic compound.
• The intermetallic compounds were identified as θ-Al 2 Cu, Q-Al 5 Cu 2 Mg 3 Si 6 , β-Al 5 FeSi, and α-Al 15 (FeMn) 3 Si 2 . θ-Al 2 Cu forming like polygonal or blocky Q-Al 5 Cu 2 Mg 3 Si 6 appeared as "Chinese script". β-Al 5 FeSi and α-Al 15 (FeMn) 3 Si 2 appeared as needle-like and polyhendrons or "skeleton like respectively.
• The porosity of Mg 2 Si (p) /AA332 composite increased from 8 -10% from as-cast. Meanwhile, the density decrease was in parallel with the increase of Mg 2 Si, (9 -12%). Low density was detected from the sample containing 10% Mg 2 Si.
• The hardness of Mg 2 Si p /AA332 composite was a significant increase from 42 -53 % from as-cast. The sample of 5% Mg 2 Si recorded the highest hardness (53.3%) and the sample of 15% Mg 2 Si recorded the lowest hardness.
• The highest UTS, elongation (El), and maximum Q.I were achieved in the sample of 10% Mg 2 Si.
